I-Introduction
More than 3 billion multilayer ceramic capacitors (MLCCs) based on BaTiO 3 (BT) are annually fabricated, making BT certainly the most successfully commercial and studied leadfree ferroelectric perovskite (ABO 3 ). 1 Ferroelectricity in BT is believed to arise from a second-order Jahn-Teller distortion caused by the hybridization between the empty Ti dorbitals and the O p-orbitals. 2 This leads to a correlated off-centering of Ti ions within chains of octahedra. On heating, pure BT undergoes three consecutive structural phase transitions.
Basically, its crystal structure changes from rhombohedral to orthorhombic at ~ -80 Emergence of relaxor behaviour upon doping is another common occurrence, in both single doped systems such as BaTi 1-x were investigated. 9 It was observed, that both the degree of tetragonality and the Curie
Temperature increased with increasing x.
In this work, the structure and the dielectric properties of (1-x)BaTiO 3 -xBi(Li milling bottles, using ~0.5 kg of cylindrical yttria-stabilized zirconia milling media (Dynamic Ceramics, Crewe, UK), together with ~50-60 ml propan-2-ol to a produce slurry. These slurries were then ball milled for ~20 hours and subsequently dried. The resulting powder was passed through a 500 μm sieve. These powders were placed into closed alumina crucibles and calcined first at 600 Raman spectra of sintered BBTL pellets were obtained in backscattering geometry with a Raman spectrometer (Model InVia, Renishaw, New Mills, U.K.) using the 532 nm line of Ar + ion laser as the excitation laser together with a 50 cm -1 cut-off filter and a 50 objective to focus on the surface of the ceramics.
Finally, silver paste was applied to both faces of the fired disks to fabricate electrodes suitable for dielectric measurements, which were carried out using an a.c. impedance bridge Table I . Lattice parameters increase continuously, but there is a slight decrease in the unit cell volume when the unit cell changes symmetry.
Finally, there is a slightly increase in c/a ratio from 1.0103 for x=0 to 1.0105 for x=0.05, which is followed by a decrease to 1.0096 for x=0.10. This variation in the degree of tetragonality correlates with a small increase in the Curie Temperature as shown below.
Raman spectroscopy
Room temperature Raman spectra for all BBTL (0x0.30) ceramics are shown in Fig. 3 . The phonon modes in the x = 0 spectrum are assigned according to the work carried out by Pinczuk et al 10 on monodomain BaTiO 3 single crystal. In principle, the assignment of phonons as longitudinal (LO) or transverse (TO) optical modes is valid as long the phonon propagates along one of the principal crystallographic directions. In ceramics, the principal crystallographic directions are randomly distributed among the grains. Hence, the Raman modes observed from ceramics result from mixing of A 1 and E modes, resulting into broader modes than those found in single crystals.
In the low-to mid-wavenumber region (< 500 cm -1 ), the Raman spectrum of pure BaTiO 3
shows a broad A 1 (TO) mode at ~265 cm -1 assigned to BO 6 bending vibrations, an interference dip at ~180 cm -1 and a sharp E(TO) "silent" mode at ~305 cm -1 . [10] The later mode appears only in presence of reversible long-range polar order, i.e. ferroelectricity. In the high-wavenumber region, the A 1 (LO) phonon mode centered at 720 cm -1 is often associated with breathing of the oxygen octahedra. This spectrum becomes dramatically affected by the substitution of Ba 2+ by Bi 3+ and Ti 4+ by Li 1+ , as shown in Fig. 3 . Basically, new modes appear at both low-and high-wavenumbers. Moreover, a new interference dip is present at ~140 cm 1, 17 . The latter could be the case here, given the large ionic radius of Li.
The appearance of new modes at low frequencies (~80 and ~115 cm -1 ) support the existence of nanosized clusters caused by the simultaneous A-site and B-site substitutions. Moreover these regions (clusters) are sufficiently sized to produce coherent Raman activity. Finally, the spectral similarity between the x = 0.20 and 0.30 suggests that both adopt the same average and local crystal structure, but not truly cubic as inferred from the X-ray diffraction data in Fig. 1 . Indeed, no first-order Raman scattering is allowed for the cubic Pm-3m space group, because all atoms are located in sites having a center of inversion. Basically, these two compositions present regions with local deformations, which break the symmetry rules and may have a polar nature. These spectral variations are in agreement with the dielectric behaviour described below.
Dielectric properties
The temperature dependence of the relative permittivity, ε r , and of the dielectric loss, tan , tend to be off-center leading to further local distortions of the lattice. These local distortions are therefore responsible for the appearance of broad modes in the Raman spectra, as shown in Fig. 2 , and probably lead to the appearance of polar nanoclusters. Those manifest their existence as new Raman modes at low frequencies, as illustrated in Fig. 2 . Hence, the lattice disturbance caused by this doping mechanism affects the balance between long-range dipolar Coulombic forces and short-range repulsion forces, which determines the long-range ferroelectricity in the perovskite structure. The disruption of this balance is responsible for the disappearance of the long-range polar ordering, as indicated by the Raman results and leads to the emergence of the low temperature weak relaxor behaviour, like in the BaTiO 3 -BiYbO 3 and KNbO 3 -BiYbO 3 systems. 6, 7 Now to interpret the origin of the high temperature relaxation, it is convenient to characterise the temperature frequency dependence of the dielectric loss. The peak position in the dielectric loss curves illustrated in Fig. 4b and 5b was modelled using the basic Arrhenius equation, as illustrated in Fig. 6 . This equation was originally developed to model the dielectric properties of polar liquids and gases and assumes temperature-independent activation energies. The dielectric data can be fitted by the following equation:
where v is the measuring frequency, E a is the activation energy, k B is the Boltzmann constant and the pre-exponential v 0 is the attempt jump frequency. The activation energy of a relaxation phenomenon is different for every system, because it depends on the relaxation mechanism, type and concentration of relaxing entities. It is also worth mention that in general the activation energies increase for increasing concentrations of relaxing entities. List of Tables   Table I. Lattice parameters and unit cell volumes for Ba 1-x Bi x Ti 1-x/3 Li x/3 O 3 (0 x 0.30) ceramics. 
